A synthesis of a new alkaloid-fullerene conjugate (1) is reported. The reaction was carried out by photoinduced [3+2] cycloaddition of the Alstonia indole alkaloid, 6,7-seco-angustilobine B (2), to fullerene [C 60 ] (3) under aerobic conditions. The major monoaddition photoadduct (1) was characterized unambiguously by UV, IR, MALDI-TOFMS and NMR experiments. A mechanism highlighted by sequential photoinduced electron transfer and radical recombination pathways is also proposed. No significant enhancement in inhibition against M. tuberculosis H 37 Rv was observed for 1 compared with its parent compounds 2 and 3.
Research studies on fullerene [C 60 ] functionalization chemistry have revealed an array of reactivity. Among the pioneering reactions well-investigated is the nucleophilic addition of amines owing to the excellent electron acceptor property of the fullerene cage [1] . Several derivatization studies have propelled information regarding its use in many applications due to speculations that C 60 exhibits certain biological activities [2] . After the first report on inhibition of the HIV-protease, several interesting reports have dealt with potential activity in photodynamic therapy, neuroprotection and apoptosis [3] . In addition, water-soluble fullerene derivatives have attracted attention as biologically active compounds against some pathogenic organisms such as Candida albicans, Bacillus subtilis, Escherichia coli AB1153 and Mycobacterium avium. Positivelycharged fullerene derivatives have been observed to inhibit the growth of the virulent and resistant Mycobacterium tuberculosis H 37 Rv at MICs as low as 5 g/mL. The mode of activity of these fullerene derivatives against mycobacteria has not yet been determined. Prato and co-workers speculated that aminated C 60 derivatives may likely fit inside the tidy structure of the mycobacterial cell-wall, which may effect disruption and death of the microorganism [3, 4] . Hence, further work along this line is needed.
Despite the variety of biological activities reported, much work remains to be done to develop practical applications of functionalized fullerenes. As part of our research on the preparation of natural product derivatives with improved inhibitory activity against M. tuberculosis H 37 Rv, we disclose in this communication the synthesis and spectroscopic characterization of a new fullerene monoadduct (1) afforded through aerobic, photoinduced [3+2] cycloaddition of 6,7-seco-angustilobine B (2) to fullerene [C 60 ] (3). Endowed with a wide range of therapeutic properties, including antimycobacterial activity [5] , we speculate that alkaloids linked with the C 60 cage may produce derivatives with antitubercular properties. Photoirradiation in open air of 6,7-seco-angustilobine B (2) with fullerene[C 60 ] (3) in benzene for 2 h resulted in the formation of 1 in 29% yield, based on consumed C 60 . Adduct 1 was readily purified by silica gel chromatography using DCM-EtOAc (25:1) as eluant. In addition, a 250 W Philips Hg lamp was used as a light source. Extension of reaction time (i.e. 4 h) led to the formation of uncharacterizable adducts arising from multiple additions to the C 60 cage.
The structure of 1 was determined on the basis of UV-Vis, FT-IR, MALDI-TOFMS, 1 H NMR, and 13 C NMR spectroscopic analysis. The UV spectrum of 1 in chloroform demonstrated a shoulder at 430 nm, which is a characteristic feature of [6,6'] closed structures [6] . However, fullerene [C 60 ] derivatives that are not [6,6'] closed adducts may also show a shoulder at 430 nm [7] . Other UV absorptions were observed at 230, 257 and 320 nm. The FTIR spectrum of adduct 1 displayed signals at 3431 (N-H), 1734 (C=O of ester), 1645, 1636 and 1630 cm -1 (aromatic and olefinic moieties). The peak observed at 576 cm -1 split from weak to medium absorptions at 480 -600 cm -1 gives information on the reduced symmetry of the fullerene cage and thus, a characteristic feature of a functionalized fullerene derivative [8] . The EIMS spectrum failed to give the molecular ion peak. The highest m/z value observed was at 720 for C 60 The photoinduced synthesis of 1 is proposed to proceed through a mechanism previously reported [9] . The first step involves a photoinduced electron transfer from the tertiary amino group (N-4) of 2 to 3, which consequently affords a radical ion pair (4 and 5) in the first step. The C 60 anion 5 abstracts one proton (H + transfer) to give a radical 6,7-seco-angustilobine B (6) and C 60 H (7) as a radical pair. Combination of this radical pair leads to 8, an intermediate that can undergo further electron transfer, proton transfer and radical recombination processes to finally yield 1. In this mechanism, the transfer of electron is postulated to be either intermolecular or intramolecular since the monofunctionalized C 60 can prevail to serve as an electron acceptor system [9a] . There is no readily available explanation as to how the two hydrogen atoms in the intermediate 8 are abstracted to form 1. Guo and co-workers thought that this process may be due to oxidation, since C 60 is a good sensitizer for singlet oxygen [9b, 10], which can abstract protons. It is proposed that in the second round of electron transfer, the acceptor is the singlet oxygen, which, in turn, can accept hydrogen (H + ) to form a hydroperoxyl radical.
Results from the colorimetric Microplate Alamar Blue assay [11] for inhibitory activity against M. tuberculosis H 37 Rv revealed no significant enhancement in activity for adduct 1 (41%) compared with alkaloid 2 (36%) and fullerene 3 (14%) at 128 g/mL test concentration.
In summary, the photoinduced addition of 6,7-seco-angustilobine B (2) with C 60 (3) has successfully produced a new fullerene-alkaloid adduct 1 in moderate yield. Although the adduct turned out to be insufficiently active against M. tb H 37 Rv, studies along this line have to be further investigated in our laboratories.
Experimental
General: 6,7-Seco-angustilobine B was obtained from Alstonia scholaris, as previously described [12] . Buckminsterfullerene[C 60 ] (purity: 99.95%) was purchased from Strem Chemicals, Newburyport, MA USA. All solvents were of analytical grade and were used as purchased. The photochemical reaction was carried out under normal atmospheric conditions, without any special caution to exclude air. A 250 W Philips Hg lamp was used for the reaction. No cooling was applied, and the reaction solution was allowed to warm from the heat of the light bulb. The UV spectrum was measured using a JASCO UV-Vis spectrophotometer. The IR spectrum (KBr pellet) was recorded by a FTIR Nicolet 510P spectrophotometer. The low resolution electron impact mass spectrum was recorded using an Autospec X magnetic sector mass spectrometer. MALDI-TOFMS was acquired using a Bruker OmniFlex-NT mass spectrometer. Nuclear magnetic resonance experiments were conducted on a Bruker AMX 300 MHz spectrometer. A mixture of 1:1 carbon disulfide (NMR grade) and deuterated chloroform was used to dissolve 1 for analysis.
The yield of 1 was based on consumed C 60 . The recovered C 60 and 1 were washed with appropriate solvents to calculate correctly the yield of the product.
Synthesis of photoadduct 1:
A mixture of 25 mg of C 60 (3) (0.035 mmol) and 40 mg of 2 (0.118 mmol, 3.4 equiv) was dissolved in 30 mL of benzene. The purple solution was stirred at ambient temperature and was irradiated with a 250 W Hg bulb for 2 h. The color of the solution changed from purple to dark brown. The reaction mixture was separated on a silica gel column with benzene (to give unreacted C 60 , 13.3 mg) then DCM/EtOAc (25:1) to afford compound 1 (5 mg, yield 29%). 
Compound 1

